Computational evaluation of intermolecular interactions of a universal base 3-nitropyrrole in stacked dimers and DNA duplexes.
The stacking interactions between a universal base of 3-nitropyrrole (3NP) and four canonical nucleobases were studied by means of ab initio molecular orbital calculations. The stabilities of the complexes are comparable to those of the stacked dimers of canonical bases reported previously. The detailed analysis of the interaction energies revealed the importance of the dipole-dipole interaction included in the Hartree-Fock terms to determine the geometry dependence of the stacking energies. It was also clarified that the dispersion energies included in the electron-correlation terms were essential to obtain adequate stabilities. The contribution of the nitro group was evaluated by the comparative studies of pyrrole and 3NP. The increased molecular dipole moment and surface are expected to account for the enhancement of the stability of the stacked dimers containing 3NP. The force field parameters required for calculation of the molecular mechanics of 3NP were obtained for 3NP on the basis of these molecular orbital calculations. The energy-minimized structures obtained by the molecular mechanics calculations of 3NP accorded with those obtained by the molecular orbital calculations described above. A DNA duplex structure containing 3NP-A, 3NP-T, or 3NP-C was calculated by use of these force field parameters. In the case of 3NP-A, the computationally calculated structure was in good agreement with that previously determined by use of (1)H-NMR except for the orientation of the nitro group.